Abstract. Mathematical models of heattransfer are developed for an assessment of measurement errors of temperature by thermocouples with an isolated and uninsulated seal. Dependences of necessary time of heating (for authentic measurement) for the thermocouples with an isolated seal manufactured of different materials are set. It is shown that for thermocouples with isolated seal minimum necessary duration of heating up slightly exceeds this index for thermocouples with an uninsulated seal.
Introduction
Measurements in management systems play an important role since on their basis all processes connected to correction of operation of technology equipment are executed. The key parameters characterizing technological processes on production, as a rule, are temperature and pressure. Therefore the accuracy of measurements of these parameters should pay special attention. Besides, the accuracy of measurements often influences not only quality of regulation and control of technological processes, but also safety of operation of the equipment [1, 2] . Depending on the range of the taken temperatures and the required level of accuracy of measurements in systems of measurement and regulation thermocouples and resistance temperature detectors can be used. The condition of thermal contact, construction of the thermocouple, and also duration of execution of measurements have a great influence on the accuracy of contact measurements [3] [4] [5] [6] .
In the real operation models of thermocouples with an isolated and uninsulated seal are developed; results of numerical research, executed by means of these models are given.
Physical model of heat transfer
The area of the solution of the task represents the non-uniform system "a thermocouple seal -a ceramic cap -powder -a protective cover -air" which geometrical representation is given in fig. 1 . In case of the solution of the task it is accepted that heatphysical characteristics of elements of area of the decision don't depend on temperature.
The decision of the task of heat conduction was passed taking into account that the initial temperature of system corresponds to reference conditions and makes 20 °C, and heating up produced from the surface separated from the thermocouple by air gap. A condition of the end of heating up achievement serves as a thermocouple junction of temperature which will differ from the taken temperature on the value which isn't exceeding admissible a deviation for this type of the thermocouple.
For the thermocouple of the S type blundered in the researched range of temperatures it is constant and makes 1,5 °C, for the thermocouple of L type in the range of temperatures -40… 300 °C blundered make ±2,5 °C, in case of measurement of temperatures in the range 300 … 800 °C the permissible deviation is defined by dependence ±0,0075t °C. The thermocouple of K type in the range -40 … has 375 °C blundered ±1,5 °C and ±0,004t in the range of temperatures 375 … 1000 °C [8] .
The sensitive element of the typical thermocouple has the cylindrical form with a diameter of 5 mm, height of the modelled section of the thermocouple is accepted 5 mm from the lower bound.
Mathematical model
The two-dimensional model of heattransfer ( fig. 1 ) is described by the differential equations given in table 1. 
Solution Procedures
The area of the solution of the task ( fig. 1) is broken into the uniform grid consisting of 240 nodes. The slot pitch on radial and axial coordinates is equal 2,5•10 -2 mm. The step on a temporal grid changed in the range from 10 -4 to 10 -2 with for reduction of volume of computation and increase of accuracy of the decision.
Systems of equations (1)- (5) with the appropriate initial and boundary conditions decided using a method of finite differences. The solution of the difference analogs of the differential equations representing the linear algebraic equations was carried out by a local and onedimensional method. The pro-race method on the basis of the implicit four-point diagram [9] was applied to the decision of system of the difference equations.
Results and discussion
Thermal and physical characteristics of elements of one-dimensional and two-dimensional heat transfer problem solution domain are presented in Table 2 . Dependences of duration of heating up of thermocouples on the taken temperature with an isolated seal for K and L thermocouples taking into account existence of air gap of 1 mm are given in fig. 2 . The analysis of fig. 2 shows that with increase in temperature heating up duration nonlinearly increases and for the thermocouple of K type slightly exceeds heating up time for the thermocouple of L type, in case of temperature measurement more than 600 K heating up duration practical doesn't change. Besides, the size of air gap between the thermocouple and the heater increases heating time for 1 mm on average by 1,5 times, and by 2 mm -by 2,4 times.
Values of duration of heating up of thermocouples with an isolated and uninsulated seal in the conditions of existence of air gap 1 mm thick are given in table 3. Follows from table 2 that for the thermocouples having an isolated seal, heating up duration slightly exceeds minimum necessary duration of heating up for thermocouples with an uninsulated seal: for 4,6% -for K and L thermocouples and for 3,9% for the thermocouple of S type.
Conclusion
The description of the two-dimensional mathematical models describing heattransfer in case of temperature measurement by thermocouples with an isolated and uninsulated seal is provided in operation. Based on the executed numerical research it is possible to draw the following conclusions:
1) Existence and thickness of air gap between the heater and the thermocouple has the considerable impact on value of necessary time of heating of a sensitive element for receiving authentic results of measurement; 2) Difference in minimum necessary duration of heating up of the thermocouple for execution of measurements with the minimum error are insignificant, therefore existence of an insulating ceramic cap has no essential impact on result of measurement.
